Odontological Section directions given by him. The appointed dentist' will enter in the Health Register the date and results of his examination of the teeth of persons employed in phosphorus processes, and particulars of any directions given by him, and a note of any case referred by him to the certifying surgeon. The Health Register shall be produced at any time when required by H.M. Inspectors of Factories, or by the certifying surgeon, or by the appointed dentist.
No. 8.-Except persons whose names are on the Health Register mentioned in Rule 7,.and in respect of whom certificates of fitness shall have been granted, no person shall be newly employed in any phosphorus process for more than twenty-eight days, whether such days are consecutive or not, without a certificate of fitness granted after examination by the certifying surgeon, by signed entry in the Health Register. This rule shall not apply to persons employed only as boxers of wax vestas or other thoroughly dry matches.
The statistics and general evidence set out in the present paper deal exclusively with the above rules in so far as they apply to the dental condition of the workers.
Ventilation, however, is especially a most important question, and there is little doubt that the increased vigilance directed to ventilation in all dangerous processes is a potent factor in the diminution of the risk of phosphorus poisoning, and it may be thought by some that the certain decrease in phosphorus poisoning that has taken place since the introduction of the rules is more related to the improvement in ventilation than to the Special Dental Rules. In the course of my inquiries, however, I did not find any especial relation existing between the cases of poisoning reported and the general efficiency of the ventilation plant. It is true that the standard varied in different factories, but the variation had not the same relationship to the poisoning that the dental condition had; moreover, in factory " I " in the tables, the ventilation was better than in certain other factories, and a good deal of attention had been paid to the question of exhaust ventilation for some time at this factory. It must not be thought that I am minimizing the importance of ventilation; I only point out that, given efficient ventilation and a bad dental condition of the workers' mouths, poisoning may take place.
My terms of reference suggested the determination of precise information under the following headings (1) The adequacy of the present rules so far as the system of periodical dental examination is concerned, and the precise improvements, if any, which can be suggested.
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(2) The amount and character of the dental work accomplished.
(3) The principles which the appointed dentists have laid down for their own guidance, as, for example, the duration of suspension.after extraction, and how far the entries in the Health Register show that they have been carried out.
(4) Instances of failure of Rules 5, 6, and 7 to meet danger to workmen of contracting phosphorus necrosis. I shall not attempt to discuss all these points, but to give a general resume of my report.'
At the time of my visits to the lucifer match factories in 1907, nine factories employing 2,586 hands were in operation, and of these 902 were regularly examined by the appointed dentist under Rule 5 (c). But of this number 512 were present in one factory alone. The totals of the numbers employed, and those examined by the appointed dentist under Rule 5 (c), and those at work in other processes, will be found tabulated in Table I according to the Special Rules, are not examined by the appointed dentist unless they complain of toothache or other dental trouble (Rule 5 (d)), were, in a large num-iber of cases, not recorded in the Health Registers. The total therefore of 5,395 which appeared in the Health Registers between 1900 and 1907 does not represent the entire num-lber of workers in all processes during these periods, but includes all who worked in dangerous processes. Of the numuber of persons (2,586) emi.ployed in the various factories, I examiiined the mouths of 864 persons. In the case of Factory D, 159 only of the total number 512 were exam-iined. Here the dental conditions were particularly good. But in Factory I, where the recent fatal case had occurred, and where the (lental conditions were very bad, almost the whole of the factory were examined, including the very large nuimnber of persons (258) employed in boxing dry miiatches or framiie filling.
The method of exam--ination was as follows: Each worker's mouth was examined for the presence of (a) canioUs cavities, (b) fillings, (c) recent or old extractions, (d) erupting teeth, (e) evidence of inflammatory conditions. The results were recorded on charts in a large loose-leaf diarysamiiples of these charts I will pass round-the charts were rapidly marked with blue pencil, and at the conclusion of the examination tabulation was imade on each chart of the various conditions of the mlouths found. At each factory the Health Registers were examined, and the total nulmiber of persons entered on the registers as having been treated under Rule 5 (c) were tabulated, together with the number of fillings, extractions, and so on. These figures are set out in Table II which gives the work performiied by the various appointed dentists between the institution of the Rules in 1900 and the time of the examination. The figures are given for the separate factories.
In Table III the condition of the miiouths of persons emploved in phosphorus processes, and examined regularly under Rule 5 (c) by the appointed dentist, are set out.
The number of persons examined in the course of my inquiry was 864; of these 549 were examined quarterly by the appointed dentists, but of this number 258 employed at Factory I have only been included in the general examination since January, 1907, and then only for the purpose of determining if any of the mnemiibers examined had returned to their work after recent tooth extraction. Only 49 persons from Factory I are properly included in persons examined by the appointed dentist underRule 5 (c). The total nunmber therefore of persons regularly examined at the quarterly examination by the appointed dentist Table I and Table IV ).
under Rule 5 (c) is 291, and of this number 142, or 48'8 per cent., had healthy mouths in so far as no carious teeth were present, or inflammation of the gums, though several had teeth missing, and there was therefore no evidence of dental trouble predisposing to phosphorus necrosis. Of this number of healthy mouths (142), 109 were accounted for by one factory alone, whereas in another factory only two persons had sound mouths. And in this same factory, of 49 persons engaged in wet process four had distinct suppuration with sinuses leading down to bare bone. All these four persons were regularly examined under the Special Rules as they were working in a dipping house, where a recent fatal case had occurred, and had been passed as sound by the appointed dentist and entered by him as free from dental disease in the Health Register.
In Table IV I have given the numbers of the persons examined for various age groups, dividing the cases into the male and female for each factory, and into those exainined by the appointed dentists and those not examined by the appointed dentists, whereas the percentages for each factory are given in Table V .
In Tables VI and VII the percentages of persons are collected from the various factories and divided into the four classes suggested by Mr. Cunningham in his report. The criteria adopted by him were as follows:-Good.-Where all permanent teeth were sound, or were artificially made sound.
Fair.-Where one, three, or four permanent teeth are decayed or lost. Bad.-Where five, six, seven, or eight permanent teeth are decayed or lost.
Very Bad.-Where nine or more permanent teeth are decayed or lost. By this test, however, a person whose mouth had lost nine or ten teeth but in which the gums were entirely healed would figure as very bad, whilst a person who had only two decayed teeth, although there might be distinct suppuration around such roots, might still be classed as fair. In order to make my figures comparable to those of Mr. Cunningham I have used his four classes, but I have used also an extra test (inflammation of the gums), and included as very bad any case showing inflammatory condition of the gums or alveolar process. My table is therefore more stringent than that given by Mr. Cunningham, but at the same time it will be noticed that, notwithstanding the extra stringency of the tests, the figures given show a very distinct improvement in the numbers of good mouths from those given in Mr. Cunningham's list, even among those persons not regularly examined by the appointed dentists. 
IlltCq
Iii lilci I I. The percentage of persons with sound mouths that I found working in phosphorus processes and examined regularly under Rule 5 (c) is 44 4per cent. for males and 17'7 per cent. for females, whereas the percentage of sound mouths noticed by Mr. Cunningharn were 9-9 per cent for males and 2 2 per cent. for females-that is, an improvement since the institution of the special rules and dental treatment of 34,5 per cent. for males and 15 5 per cent. for females, coincidently with a decrease in the cases of poisoning. But, besides persons under supervision it will be seen that a distinct improvement has taken place amongst those persons who were not subject to regular examination. This is either owing to the moral effect of a proportion undergoing dental supervision causing the remainder to take greater care of their teeth, or that a process of selection has gone on; but whatever the cause a distinct improve-ment had taken place.
This marked improvement in the dental condition of persons employed in phosphorus processes is more marked in certain factories than in others, and as will be seen on reference to Table V the percentage of good mouths in the various factories varies from 72 per cent. for males and 66 per cent. for females, to 102 per cent. for males and 1P5 per cent. for females. This improvement will be seen to be co-related with the amount of attention which was given by the Dental Surgeon,. as will be seen on reference to Table II , where the amount of the work performed is set out. It must not be taken, however, that in Factory A the number of suspensions given in column 7 represents suspensions. for threatened necrosis, for in Factory A alone the number of suspensions are for unhealed extractions, and after fillings had been inserted, the Certifying Surgeon in this factory desiring to see all cases (extrac-tions and fillings) before they returned to work. It will be seen that in Factory D, although a very large number of extractions were performed,. no note at all could be found in the Health Register of the person suspended, but it was invariably the custom in this factory to suspend all workers after extractions until the mouth had entirely healed, the worker having to pass not only the appointed dentist, but the factory doctor as. well before resuming work.
From the amount of work performed as noted in the Health Register it would be suggested that the persons in Factory I were in good dental condition. But unfortunately this was not brought out as the result of my personal examination, as will be seen on reference toT able III, where it will be seen that amongst the number of persons examined only one out of forty-nine had a sound mouth, sixteen showed inflammation of the gums, five showed suppuration about the jaws, and a number of the fillings .noted in the Health Register and included in Table II were not only founad to have already failed, but in many cases to have entirely disappeared, and the teeth into which they had been inserted to save were represented by carious and decomposing roots. This Factory I is the one in which five out of eleven cases -occurred which have been reported since the institution of the rules in 1900. Contrasting this factory with any one of the other factories except where two cases of phosphorus necrosis had been reported, and in whose workmen's mouths at the time of mly examination a large number of teeth required filling or extraction, and in which inflamma--.tion of the gums was present, it is seen that where the supervision has been efficient no phosphorus necrosis has been reported. In fact, it is shown from the tables that the factory in which the dental condition of the workers was the worst, and presumably had been the worst during -the whole period of the working of the Special Rules, was the one in which the largest amount of phosphorus necrosis had taken place. ,(See Tables II and III .) The fact is significant, for amongst 1,378 persons whose names appeared on the Health Register between 1900 and 1907 in this factory, six cases, two of them fatal, had taken place, whereas amongst the workers, 4,017 in nuimber, in the other eight factories only two cases had occurred, the remaining four cases being distributed amongst a factory which is not now under the Special Rules, and was therefore not visited, as no yellow phosphorus is used-and a factory that had been closed for some time. Previous to the institution of the Special Rules between 1893 and 1899, thirty-seven cases of phosphorus poisoning had occurred in 1,908 persons employed in dangerous processes as against thirteen cases from 1900 to 1907 in 1,378 persons. There is, I think, no other such striking instance of the good result of the application of special knowledge to industrial tlisease.
What is brought out very strongly, and is, I think, a matter of considerable congratulation to those who were responsible for the institution of the Special Rules, is that a marked decrease has taken place in the amount of phosphorus poisoning concomitantly with an improvement in the dental condition of the workers in the various factories.
Other countries at the present time who employ phosphorus in the yellow form for matchmaking have a very large amount of poisoning, notably Austria-Hungary. Quite recently in a book published, Dr. Teleky states that in Austria-Hungary in 1902 there were seventy factories for the manufacture of lucifer matches which employed 4,611 persons as compared with the 4,150 in Great Britain. The factory inspector reported seventy-five cases of necrosis having occurred during 1896 and 1906, but Dr. L. Telekyl and his wife, by careful inquiry, obtained definite proofs of 160 cases of necrosis which occurred in onlv twenty-five of these seventy factories, so that a very large number of cases still occur.
Dr. Teleky and Dr. Gilbert (the principal medical inspector of factories in Belgium) both insist very particularly upon the danger of chronic periostitis and other forms of dental inflammation in addition to the danger caused by dental caries. The dental supervision in these *factories is practically nil.
In the course of my own inquiries I found that it was by no means an uncommon thing to find persons suffering from swollen face, yet working in a match factory not in the scheduled dangerous processes, but in the boxing of dry lucifer matches.
In conclusion, I should like to refer briefly to the pathology of phosphorus poisoning. Besides the affection of the jaw-phosphorus necrosis or " phossy jaw "-a considerable number of cases of fragilitas ossium occur among the cases of necrosis of the jaw; in fact, in the Belgian match factories Sir T. Oliver states that thirty cases of spontaneous fracture of the long bones occurred in five years. Apparently there is some factor at work which operates on the bones of the body as a whole, and the effect on the jaw would then be only a special case of the general intoxication. I could obtain no evidence among the workers in phosphorus factories of a greater incidence of tuberculosis, nor do the Certifying Surgeons' reports suggest it. There is also considerable disagreement among various observers as to the existence of a phosphorus poisoning with constitutional symptoms other than necrosis. Armand says 50 per cent. of persons exposed to phosphorous fumes become anaemic and are more liable to bronchitis and dyspepsia than workers in other industries.
These figures are almost impossible to 6btain, the majority of persons working in match factories being young women who are notoriously liable to dyspepsia and anaemia in other than phosphorus factory work.
During my inspection I noticed that where phosphorous fumes were most noticeable and were evidently commonly present from the construction and arrangeinent of the workshops the workers so exposed showed such signs of anmemia as loss of brightness of the eye, pale conjunctivee; but I was unable to make any direct blood examinations.
'" 1 Die Phosphornekrose," Wien, 1907. There is a good deal of presumptive evidence that the effect of phosphorus is a general one, and that the mouth symptoms are a mixed condition.
Through the courtesy of Mr. Walter Palmer I was able to examine the blood of six persons working in a match factory. There was no phosphorus necrosis or fragilitas ossium, but there appears from the table to be some diminution of the alkalinity of the serum when tested with H2SO4. The experiments are too few to draw any very definite conclusion from, but the tendency seems to be a decrease of alkalinity more marked in the case of those most exposed to phosphorous fumes. Lornisser suggested the surcharging of the blood with phosphorus as a cause of fragilitas ossium, and my observation would suggest some such association. My own impression is that minute traces of phosphorus, inhaled say during the period immediately following a meal, would tend to the combination of the phosphorus with the calcium of the bones; calcium phosphate, generally insoluble, is soluble in a mixture of acid, calcium and sodium phosphates. The onset of fragilitas ossium and the development of necrosis of the'jaw is slow, and it may well be that the gradual removal of lime salts from the bones predisposes to septic infection, the mouth being the most common area to suffer from chronic septic conditions. I can advance little direct evidence in support of this view, but it seems reasonable to suppose that fragilitas ossium and jaw necrosis bear some such relation to a common cause.
DISCUSSION.
The PRESIDENT (Mr. Leonard Matheson) said the paper would add not a little to the knowledge of the subject in various important particulars, and it certainly threw a valuable light on the result of both the carrying out and the non-carrying out of the special rules in force.
Mr. F. J. BENNETT congratulated the author on the good work he had done for his fellow-countrymen by his valuable investigation. Without ignoring the valuable points the author had brought forward, the special one that interested him, and which he hoped the author would go more fully into, was the chemical pathology of the action of phosphorus in some way becoming soluble. If the author intended to go further into the matter it might be possible to consider the view that had lately come forward with regard to the action of the lipoids and fats in the isolation of germs or poisonous substances in the blood. It appeared to be a departure which promised to afford a most valuable insight into the workings of the body, and while the author had cases before him for observation, it would be very valuable if something could be learnt as to the exact way in which phosphorus withdrew the calcium from the bone. A whole evening might be devoted to that subject, and it would necessarily throw a light on the development or destruction of teeth.
Mr. W. B. PATERSON regretted that the paper had not been brought for discussion before a mQeting of the British Dental Association, as in that case there might have been founded upon it s6me suggestions or recommendations to the Home Office, assisting to promote the Bill to which the author had referred for the abolition of the use of white phosphorus. He himself had not seen a case of phosphorus poisoning for ten years, but before the regulations came into force it .was not an uncommon thing to see phosphorus poisoning at St. Bartholomew's Hospital. On the last occasion he remembered the patient came from the " boxing room" of a match factory, and he thought at the time it was very strange that a man from that department of the factory should develop phosphorus poisoning. In all such cases on inquiry it would probably be found that at some period or other of his work the patient had been in a room devoted to the dipping of matches, and on questioning the man closely he found he had been doing a little work in the dipping room, that he had had a dental extraction, and following the extraction his troubles began. Most of the cases of phosphorus poisoning he had seen had followed dental extractions, but cases of phosphorus necrosis also developed in abscessed or dead teeth, especially in the mandible. He had never seen " fragilitas ossium" in connexion with phosphorus disease of the jaw-bone. The author had brought out very clearly the absurdity of the system of appointing dentists to deal with employees in a match factory and then appointing a surgeon or a doctor to certify that their work was properly done. Certification of dental work should be by dentists, and if yellow or white phosphorus was to be still used, certification by a dental surgeon was absolutely necessary.
Mr. NORMAN BENNETT was very much interested in the reference to cases of fragilitas ossium associated or not with phosphorus necrosis and in the suggestion of the author that instead of phosphorus necrosis being primarily an infection of the bones of the jaw through some lesion of the mouth or through the pulp chamber of a carious tooth, it might be part of a general phosphorus poisoning of which the mouth was only the chief local manifestation on account of its septic condition. If that was so, then it was to be imagined that the absorption was through the tonsils or some part of the alimentary tract or some part of the trachea or bronchi or lungs. That view, however, did not seem quite to correspond with the deductions from the improvement of the general health as a result of attention to the teeth and the condition of the mouth, and on that point he wished to have the further views of the author. Mr. W. HERN asked whether the cases of phosphorus necrosis noticed by the author occurred in patients who had had any pyorrhcea or mischief in connexion with the gums. It had been held that phosphorus necrosis occurred chiefly after extraction and that the lesion of the extraction was the place of entry for the poisoning. It seemed to him that spongy gums might be a favourable focus for the introduction of the poison.
Mr. KENNETH GOADBY, in reply, said he should be delighted to go into the chemical pathology of phosphorus poisoning, but, fortunately, there were not many cases to be obtained, and also the amount of time allowed by the Home Office did not permit of very much time being spent on a secondary matter. With regard to the complementary deviation, that might possibly apply to phosphorus poisoning. He had tried it in the determination of changes in resistance in lead poisoning, but he could not say that it would be of great value in connexion with metallic poisoning, or poisoning by metalloids such as phosphorus. As a rule complementary deviation worked better with things of the nature of extracts. In phosphorus poisoning there was fatty degeneration of the liver, and there might be thrown out into the body a certaiu amount of lipoid material which would produce complementary deviation. It was impossible, however, to give any ideas on such a subject without laboratory work, and as he had not done any laboratory work he was afraid he could not answer the question any further. As a matter of fact phosphorus was naturally eliminated from the blood by the kidneys. A large number of estimations had been made from time to time to determine, if possible, some change in the quantity of phosphate discharged by the urine of persons working in phosphorus factories, but there were no satisfactory conclusions. It could not be shown that persons working in phosphorus factories were discharging more phosphorus by means of their kidneys than were normal persons, but it had been -shown that persons working in phosphorus factories who were not the subjects of fragilitas ossium still had a diminution of the lime salts in their bones generally, not only the long bones but the jaw also. It was found by one investigator that there, was about 2 per cent. of diminution of calcium in the bones. The small amount of phosphorus required to produce a slight amount of solution of calcium phosphate in the bone would not require to operate for any great length of time in the blood. With regard to Mr. Paterson's remarks, if any of the statistics in the paper were of value to the British Dental Association be should be very pleased to hand them over. The Bill to be brought before Parliament this Session was a Bill that was agreed upon by the manufacturers themselves. It involved in one way a question of protection because no foreign-made matches containing white phosphorus would be allowed to be imported, and therefore he was not sure how such a Bill would be dealt with by the House. It was not a case for him to discuss.
With regard to the inspection by dentists, Mr. Paterson would find in his report in the Blue-book that he had recommended expert dental inspection annually or biennially of the work done in phosphorus factories, because it was obviously impossible for anyone but a dental surgeon to look after the work that had been done by a dentist. He also recommended very strongly that in future the appointment of a dental surgeon to a factory should be held by a person holding a registerable dental qualification. With regard to Mr. Norman Bennett's question of the primary condition of the jaw, it was a question of pathology he should like to go into, but one too wide to attempt at the present moment. Probably the absorption went on through the lung. Recently he had made a number of experiments with regard to the absorption of lead from the lung, and he found that certain compounds of lead were easily absorbed from the internal surface of the lung, and as the breath of workers in phosphorus factories gave the examiner a taste of lucifer matches, he thought there was no doubt a large amount of phosphorus might be absorbed through the surface of the lung. It would be more reasonable to hang the two pathological conditions on one string, fragilitas ossium and phosphorus necrosis due to some generalized condition affecting the bones, than to have one due to absorption of lime salts and the other to the local effect of phosphorus. One investigator found the greatest difficulty in giving necrosis to animals even when he had fractured the teeth or the bones of the jaw. It was much more likely there was some general underlying condition that first of all lowered resistance and so allowed micro-organisms to produce infection. With regard to the dental condition, although ventilation was better than it was, no amount of efficient ventilation in any factory was ever going to protect a workman who was careless. He had seen men warming their food on the dipping-stone alongside and in the phosphorus paste, and no amount of ventilation would protect such men. Given local conditions in the mouth, plus the absorption of the fumes, then he thought phosphorus poisoning might take place through the mouth. In answer to Mr. Hern, he had occasion to report three cases of necrosis in the course of his inquiry, and all three were directly attributable to pyorrhcea alveolaris rather than to the extraction of teeth. Both Dr. Teleky in Austria-Hungary and M. Gilbert in Belgium strongly insisted on infective periodontitis as being an extremely common cause of phosphorus necrosis in factories.
The PRESIDENT (Mr. Leonard Matheson) then delivered his inaugural address.
On the motion of Mr. F. J. BENNETT, a hearty vote of thanks was unanimously accorded to the President for his eloquent and able address.
